ABSTRACT TBC1D1 gene has known functional effects on body energy homeostasis and glucose uptake pathway in skeletal muscle tissue. This biological function is reported to have significant effects on traits of growth and meat quality in chicken. In this study, we focused on two single nucleotide polymorphisms (SNPs) (g.70179137A>G and g.70175861T>C) identified through SNP annotation information of Korean native chicken and previous literature for TBC1D1 in chicken. Association of SNPs in TBC1D1 with growth and serum clinical-chemical traits were evaluated. A total of 584 male and female birds from five Korean native chicken lines were used in the study. The SNP1 (g.70179137A>G) is located in intron 11 and SNP2 (g.70175861T>C) is a non-synonymous missense mutation in exon 10, responsible for the amino acid change from Methionine to Valine. The A allele of SNP1 and T allele of SNP2 had the highest allele frequencies. Both SNPs indicated moderate polymorphism information content values (0.25<PIC<0.5). Association results shown that SNP1 was significantly associated with BW00, BW20, GR14-16 and carcass weight (P<0.05). The AA genotype had higher value for all these traits except BW00. Whereas, genotype GG have lower values for BW20, GR14-16, GR18-20 and carcass weight. The sGOT level was significant with SNP1 but not with the SNP2. The GG genotype had the highest sGOT value and AG reported the lowest. BW20 was significantly associated with SNP2 (P<0.05). The body weight and carcass weight values of CC and TC genotypes were higher than those of TT genotype.
INTRODUCTION
Application of genetic markers for precise and fast identification of potential candidate genes for quantitative traits in livestock have been reported in several studies (Hocking, 2005; Zhu and Zhao, 2007) . Identification and application of such genes for selection of livestocks through marker assistance selection (MAS) is now become a norm in livestock breeding program (Dekkers and van der Werf, 2007) . This is because the use of genomic information can increase accuracy and selection rate. Therefore, increase the selection response. Van der Beek and van Arendonk (1996) have estimated that an additional total selection response of 6% to 13% when using MAS that incorporate the markers linked the quantitative trait loci (QTL) after five generation of selection.
More recently, genome wide association test to identify the causal mutation and underlying genes, which describe the large variation of production traits in livestocks including poultry, were reported for many commercial and domestic crossbreeds (Cahyadi et al., 2014) . Particularly, QTLs that highly responsible for chicken growth and carcass traits were located on several major chromosomal regions, GGA1, 2, and 4 for the broiler Leghorn cross (Zhou et al., 2006) , GGA1, 2, 4, 10 for Hampshire and white Leghorn chicken line (Nassar, Goraga and Brockmann, 2015) , GGA3, 4, 19 and 20 for Korean native chicken lines (Cahyadi et al., 2016) .
Among the reported candidate genes from several QTLs in the distal region of GGA4 and by genome wide studies, the TBC1D1 gene was identified as a one of functional candidate genes that responsible for obesity, growth in mammals, and livestock animals including chicken (Gu et al., 2011; Nassar et al., 2015) . During the domestication of chicken and sub-
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Serum Clinical-Chemical Traits in Chicken sequent specialization to broiler and layer lines, some of the genes in domestic lines were undergone important selective sweep related to the growth. Recent whole-genome resequencing studies identified that the TBC1D1 gene was among those reported sweeps for commercial broilers (Rubin et al., 2010; Fan et al., 2013) .
The Rab-GTPase-activating protein (TBC1D1) was first revealed as a protein, regulating cell differentiation and growth in a screen of a murine mast cell library (Dokas, 2016) .
TBC1D1 is belongs the Rab-GAP protein family that transmitting specific signals that stimulate biological effects on glucose uptake in skeletal muscle. Variants in the TBC1D1
gene have been significantly associated with fat and lean meat deposition and energy homeostasis in pig (Fontanesi et al., 2011; Howard et al., 2015) . Similarly, in rabbit variant (c.214G>A) in exon 1 was significantly associated with body weight at 35 and 56 days (Yang et al., 2013) . In several other researches, variants in this gene were associated with obesityrelated traits in mice and body mass index in human (Stone et al., 2006; Dokas et al., 2016) . Possible functional involvement of TBC1D1 gene in chicken was described in Wang et al. (2014) . A significant genomic region that affecting growth from 5 to 20 weeks age was recorded at the lateral region of GGA4, between 153 and 159 cM (61.5∼88.4 Mb size)
harbor the TBC1D1 gene (Nassar et al., 2015) .
Therefore, the aim of this current study was to investigate effect of two SNP variant on growth traits (zero weeks to 20 weeks, weight gain from GR0-2 weeks∼GR18-20 weeks), weight at slaughter, carcass weight and serum chemical traits in Korean native chicken (KNC).
MATERIAL AND METHODS
Animal and Data Collection
This experiment was performed in agreement with "The clinical-chemical traits were measured and described in previous study are included for this study .
Genotyping using KASP Assay
Genomic DNA was isolated from the whole blood samples following standard manual procedure and concentrations were measured using a NanoDrop ® 2000C spectrophotometer (Thermo Scientific, USA). The TBC1D1 gene was selected as a functional candidate gene in QTL region that have identified in several studies and SNP variations described in this study were obtained via filtering the Korean native chicken whole genome SNP annotation information. SNP target specific primers were prepared for KASP genotyping assay (Table 1) . Both parent and progeny samples were genotyped by KASP genotyping assay and compared to validate the genotype states of F 1 birds.
Statistical Analysis
Genotype data and quantitative data were prepared in excel 
Genotype and Allele Frequencies
Two selected SNPs from the KNC SNP annotation data (g.70179137A>G and g.70175861T>C ) were evaluated. Table   2 described the genotype and allele frequencies of two SNPs.
For SNP1 (A/G), A allele has highest allele frequency of 0.54
and for the SNP2 (T/C) C allele had the highest value (0.56).
Especially, the SNP2 is a nonsynonymous missense mutation 
Association Analysis
There are very few studies discussed the TBC1D1 gene polymorphisms and their potential associations with growth traits in chicken despite the potential QTL region that included the TBC1D1 as a candidate gene. Therefore, our objective of this study is to evaluate the selected two SNPs, especially the effect of SNP2 that has been shown significant relationship in Erlang chicken (Wang et al., 2014) . We used body weight (BW) data from zero to 20 weeks of age and weight gain calculated at the two weeks interval. In addition, weight at slaughter (SLW) and carcass weight (CW) and eight serum clinical-chemical traits were included. The descriptive statistics for all the traits described in Table 3 & Table 4 , respectively.
Least square means of traits after corrected for all the fixed effects were statistically evaluated. The growth trait results showed that SNP1 was significant for BW00, BW20, GR14-16, and CW (P<0.05) ( Table 5 ). SNP1 given significant association with Glutamate Oxaloacetate transaminase (sGOT) level in blood serum but not with the SNP2 (Table 6 ).
However, the SNP 2 was reported significant association with BW20 (P<0.05) (Table 5) . Interestingly, the SNP2
reported to have significant associated with live weight, carcass weight, and several other meat quality traits in Erlang mountainous chicken (Wang et al., 2014) . Most of the body weight traits and serum clinical-chemical traits were not significant (Table 6 ). Moreover, serum glucose level was not significant for both SNPs. Peng et al. (2015) showed that higher TBC1D1 mRNA expression in thigh muscle, and abdominal fat at 10 and 13 weeks of age in male chicken compare to that of female birds. To evaluate sex effects on this gene, the interaction between sex, line and genotype was tested. However, no significant relationship was identified.
In our study population, SNP1 for BW20, GR14-16, 1 BW00: body weight at zero weeks (g), BW20: body weight at 20 weeks (g), CW: carcass weight (g), GR14-16: weight gain from 14weeks
to 16 weeks (g), GR18-20: weight gain from 18 weeks to 20 weeks (g). 2 Least square means for growth traits adjusted for fixed effect. a,b Means within a row with no common superscript differ significantly (P<0.05). Previous QTL and genome wide association studies in chicken described elsewhere (Gu et al., 2011; Nassar et al., 2013) identified TBC1D1 gene located in the confidence interval of QTL region on GGA4, associated with the visceral, subcutaneous neck and total adipose tissue, body weight and growth rate during different stage of their development. This region also affects the fat mass and body mass at 20 weeks of age (Nassar et al., 2015) . Interestingly, in several other studies reported, QTL for growth and body weight in the same region where that include the TBC1D1 gene (Zhou et al., 2006; Ambo et al., 2009) . Moreover, this gene has critical roles in regulation of glucose and lipid metabolism in skeletal muscle and body energy homeostasis (Fontanesi et al., 2013 ).
TBC1D1 gene also shows tissue specific expression in several other tissues such as brain, breast, heart and liver (Stone et al., 2006) . Investigation on the role of TBC1D1 in insulin signaling and metabolism in skeletal muscle describe that unphosphyorylated TBC1D1 state tightly bind to the GLUT4 molecules and reduce the rate of glucose transport into cell (Sano et al., 2003; Taniguchi et al., 2006) . In contrast, TBC1D1 has a negative impact on the uptake of fatty acids and fatty acid oxidation. Moreover, TBC1D1 was identified as a third most significant marker associated with fatness in pig (Fontanesi et al., 2011 (Fontanesi et al., , 2012 . These findings suggest that variations in TBC1D1 gene may affect the growth and carcass traits.
Serum Glutamic Oxaloacetic transaminase (sGOT) is also known as aspartate transaminase (AST) is responsible for catalyzes the reversible transamination between L-aspartate and 2-oxoglutarate to form oxaloacetate and glutamate. sGOT found in liver, heart, skeletal muscle and brain where it involves in glutamine-cycling pathway (Sookoian and Pirola, 2012) . Several environment factors other than genetic effects were reported for elevated GOT level in serum in chicken (Elaroussi et al., 2008) . Moreover, authors reported that a significant association with insulin resistance with glutamine, glutamate and the ratio between glutamine and glutamate.
Thereby, involvement of sGOT in glutamine-cycling pathway (Sookoian and Pirola, 2012) . 
